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^stance    ll!    a 

•••ent    forms    as    t.  e    cond  i  lions  under  which    it    is   obse  ■ 

are  made   to  vary.      T.  •;  e   through   many  of  t:e   rases 

oen  quite    thorou,  ^jd  ,    as    it    is    ciffecteu 

d  pressure    in    -he   tube   and   by 

d  isohi 

'act   that   merer;-    is  used    in  most   pumps   and  the 

great    irfluer.ee  which,   even   a  very   —all   percentage  oh 

vapor  has  upon   the   spectrum  of  such  a  gas   aa   hydrogen    i 

|i    a,    ,  oi.  ts   to    the    lecessity   for  a  detailed   study  of  the 

(i) 
mercury    spec! 

Addition  t    is   added  to    the   above   rei  the 

of  Kder   and  Valenta,    in  which   they    announce    their  dis- 
covery of  tlre    band -spectrum  and  the  possibility  of  breaJ 

i.p   into   a  lire-spec  trust  having  a  vastly   greater  number 
of   llnea   than    the  ore   formerly  kr.o. 

,    since  mereury   is  nor    atonic,    its  study 
r  the   question   as   to  vhetJ  ...nee 

can   have   a   baa     -      I  -oken   up    into   one 

(2) 
showing   lines  Only. 

I 

the   effect   of   particles   tl  :ne 


(i) 

•B.       P.    Levis.    A; 


electron      .  i   that  of  the   residual  gases  • 

.ertheless,   we   i:r,ow   that   a 

vapor   iii  a  tu ;  e   render  a   the   effects  due   to    the  prorer.c-  of 

(1) 

MS    ir.   the   tui*e   m 

Accordingly,    in    studying  the  discharge   through  a   tube 
of  mercury  vapor,   we   huve  conditions   somewhat    less   complex 
than    those  usually  presented  when   the   spectra  given    by   tuies 
is   to   be    investigated. 


(1)      The  Effect  of  cer  rlties    t 

(iases.    P.    Lewis-       Ast.Phyn.    J 


I   used  were   a   large   concave   ore  of  21    feet 
i    a   smaller  one  of  7    feet. 
For  attaining  the    arc -spec  tin'  tt   current  of   about 

10    amperes  was  used.      The   spark,    and   the   discharge   throi. 
tubes, iras  obt.inoi:  ordinary'    induction   coil   givi: 

B  em.    long;  or  from  a  coil   the  primary  of  which  carried 
an    alternating  currert    from  a  V.restir.ghouse  dynano    making   150 
complete  oscillations  per  second.      With  no    capacity   in   the 
secoia  his   latter  coil  w<as   a 

capacity,    it   gave   a   succession  of  stro: 
sparks-      The  |  ength  obtainable  was   about    2   cm. 

Shortening  the    spark   increased   the   raridity  of  the   succession, 
as  was  evident    from  the   pitch  of  the  note   from  the  disc;  . 

For  the  TMUU  tubes,  'J  era  an    sodium  glass  was  used- 
Though  Jena  glass   stood  heating  better,  it  was  no >"j  difficult 
to   seal   electrodes    into   and   at    times    it  would  develop   lo 
fcwAlnal   cracks,    several   days   after  working  and   at    some   dist- 
ance  fma   a  j  )  int . 

For  exhausting,    the  ordinary    forms  of  mercury  pump   wore 
used,   with  drying  apparatus,    etc.      Pressures  were    rei 
a  M'Lood   gauge. 

t    for   ro    go  work,    tubes  were   can 
mercury  va<     frei       y  distilled  just   befbrt 

It   was   found   that    repeated    s;  .  raised 


pressure  of   a   tine  joined   to    the   pump.      This  was   true,    c  . 

for  sever. 

Before   sealing  of    fiNM  t.  the  atrovry   In   the  tube 

was   toiled   and  the  wails  of   the   tube  wei*e   heated- 


ARC 

o    a   study  of   tho   spectra,  of  —  l'i  tl lrJ 
it  was  deemed    advisable   to   obt-in    the   arc -spec  t  "Jr.        Thi 
attempted   by   Mvoi.  •    ,it    I.  u;  found    it   pos- 

sible  to  lines-      Of 

but   0  A  -s    reversed. 

DOV01    r,    seem  to   have   had   no   diffi- 
culty ■   lines   t 
of  wav                   s    in   their  papers  on    the   spectra  of  the   tie 

The   first   attempts  to  reury 

in   this   investigation  met  with    small   success-        Carbon   poles 
were  used   and   the   lower  one  was   bored  out    to  of   about 

two    inches.      This  positive  pole  was  filled  with   the   sulphide 

attempts,   with   the  metal    itself.       In  neither 
case  were   umrt)  than   a  few   lines  obt<  '.v -re  weak 

•ed  with    those   fT>m  the  poles,    even  when   a  small   ou  ' 
\;~s  used.        Only   |bt   strong  lines  given   by  KajTMV   and    R 
were   fovnd.         It    becaj..e   clear  |nat    enoi 

plied   so    that    it   could  boil   off  freely   from  the   arc,    for 
it    the   pole  was  nearly   filled,    not    a   single 
e. 
Final  I.;  ,    a    lonf,    I  <  \ 

o    a  reservoi:-  a.    This 

made 

(l)     Kay Be 

1851. 


pole 

resi*  Its    I  ,    B    ftl 

:e   all    the  li 
in    t.  Tn   the   extro...  -,  an   exposure  of 

o    lines    as    short    as 
A       L9fB<         tv   this  ultra-violet 
so.^e  of  the   Co  .      Li.tes   as   cohjin/:   I 

tire    space    between    the   poles,    others   are    short  o.  te, 

■••n  to  huve  oena  or.ly  from  near  the  carbon  terminals. 
I   of   the   extreme  v.ltiv-    .  . 

and  Rkngi  wei*l  Pel  >.  55,   of   intensity 

,  or     »y  plate,    althou  X  =  3542  to   v.. 

they  give   an    intensity  of  but   5   cauie   out    i 

The   foil  lines  were   noted. 


1 

2259.2 

2227.9 
2197.7 
I 

2189 • 2 
2186.6 
2172.1 
2169.2 
2001  .  6 
1919.5 
J 
1872.2 


Cha  . 
Double;    . 


Very   hazy 


It    is  difficult   to    estimate    inter  sities  of   lines    in 
this    re^ior,    since   the   plutes   show   a  preat   deal   of  conti.uou: 
spect 


TlfF. 

The   study  01'   I  l'or   its  objec 

BO  ol'   the   effects  due   to    o]  onditions  of 

>:   also   the  determination  of   the  principal 
air  lines  which    coce   out    in   the   spectrum  of  the    spark.      A 

ith    those   showing   the 
trum  fro  a  tubes  will   give   an    ;■  e   effect   die   to    the 

r e  s  io .  u ia  o  f  a  I  f   tn  a  fru k  e  • 

BCT      OF      CAP  AC  \ 

Using   the   larpe   coil,    a  spark  was  obtained   between    an 
upper  terminal  of  tartan   and  the  snreary  held   In  a  bro^d  dish. 
With  no   edacity   in   the    sc  fc   took   t 

ance  of  an.   al  ting   arc,    and   the  .ined  was 

that   of  the   arc.         For   exa.  A  ■   2967   comes   out 

snslty   1 
ser  and   Run^e  r  list-       !  IS  out   strongly    in 

the    spar  aclty    is  ,-econdary-    To    a  ne 

borin,     I  A 

4   in    .  it   of    in- 

tensity 10.  eapi  is- 

oii      A  67  still  oomaa  out   strongly 

as   Co  an  )  4fl   decreases 

in    i  ..bout  vaal  *c , 

As  the  ci  Lng  discharge  be - 

ruptive    I  : eristic  k 


LO 


•   carce  out;    the   continuous   spec t rum  al 
all    the    lines   became   less   sharply  define'!,    even 

•  part  of 
fro:.;    bht    surface  of   the   ;i»erci. 

The  vat  le.i  r-cut  lines  were-  pot  i*ir>r.,  the  dlsohar 
of  the  small  coil  before  the  slit  of  the  large  gratl  .•  , 
though   the   fapoaart   was   necessarily 

maxi.  ity,    the    list   of   spark  lines  was   found   sub    I 

t  tally  as  I  Talent  a. 


1     Eder  and  Valenta.    Die  v  des  0\e< 

hers,   Wlan.  ,    LSI 


LI 


The   effect  of   sell'- in  dud  I  ^ds    also 

studi  "d  of   200   m.    of  copper  wire 

wound    in   9   layers  of   50    turns   each,    each    turn    6 
other.      The    self  -  induct  ion  was    .001-   Iienry. 

.a   coil    in    UM   so.-  ,  capacity,    the   most 

noticeable   effect  on    the  discharge  was   the   decrease    in    its 
violo  -  Kl   period  of   the  oscillations. 

The   general    effect  I  ines  *m   to    increase   their 

sharpness,    the   continuous   IfHtWW  of    tbo   MiVO    violent    dis- 

■;:.lt    out- 

self-induction    in    the    BOOQ  ,    Lhe   follow  in  j     Li    ee 

Oth  arc   b  spectra  duced    to 

thei  Lty. 


A 


Arc    i 

Sp 

ark    i. 

10 

4 

10 

3 

8 

6 

4 

C 

2 

8 

4 

C 

A 

8 
8 


were    cut    0 

A  Arc       i 

8  10 

/ itli    the   line    A       54cl      ..hose    i    -   10    in   both    Bf 
and  arc   caue  out   v  •;  •  si  «    .  »r  for   self-induction    in 

the   seco*.  effect  of  self- induction    in   the    secon- 

dary   is,    then,    to   tend   to    reduce    the   spark   to    the   arc    and   to 
I   os.      As   *  result   of  this    sharpening  of  the 
A  Hid    A  -  3131   are   found   to   be   double    in   the 

air.        That    the   1  as  not    a  reversal  was    .-. 

clearly   by   co  A  a    reverse' 

roost   clearly  nearest    thi  I     .  i. 

no    sel  r- induct  ion,    a  very  posting    sh  A  )    re- 

.  d  exceedingly  bro^d  a  >n  of 

self- induct ion  brings  out  a  single   sharp   line. 


L3 


With  a  given    capacity,    th. 

,    a   thick   spark   about    2   cm.    long   could  be  obtained,    very 
disruptive   and  giving   a  note  whose  pitch  was  given  by  the 

I    in    the  ■  >!'   the   coil.      ihortc.i  parte 

raise  ;  >-h  of  the  discharge  until    for  a  length  of   3 

the  discharge   «as   a   sharp,    hissing  one,    to    the   ear  quite    like 

■vhen  no   capacity  was  used,    though    I  rancc    it 

still   a   spark.      The   spectrum  of  this   short    q  re   the   arc 

lines    and  some  of   thoss  due  to    .  .      The  arc -lines 

A  '0    --       A        5T90    ca::.e   out    equally   well 

e   ti^e   characteristic    spark- Lines    A  ■   5426 
A  -•:.  sf   Intensity  8,    cane  out  uch 

e   tons,   than    in  the    short    spark. 
With   sel  ,        •  la  short 

:a   ;  avfl  the   sassi   Lin#t<      It  w<is     nought   that   by 
the   li  ttota  a  verv   long   sad   from  a  ver;    short 

ID 

spark,    a  shift  might    he  obser,  The  very  great   broaden- 

ing of  the   lines    in   the   former  case  made   it   impossible    to 

.  !.e  ■IfimwHor  settings.      The   self -ina.  the    sec- 

ondhW  made    the   lines   ouch  less   hazy,    but   also   lessened    the 
violence  of  the   dis*fea 


1     Wil  troph.    Journ.   X.    1699. 
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SPECTRA.      OF 

The    .  eat  ;pectra  o 

111 

i  ott.  ipeo- 

trum  given   by  mere    vy   vapor  distiL 

By  usinf:  capacity   in    the   se*e  duct  ion   coil, 

these   lands  were  broken   up    tela  >er  of  lines. 

A  more  detailed  study  of  the  spectra  from  tubes  oontal 
jroary   seemed  desirable,    Including   the   effect  of 

uously  varied   cap;,  of  self-induction;    also  of  change 

of  temperature  of   the   tube   and  of  different   fo 

It    seemed  well,  Jso,    to   make  direct   comparison   of   Mutes 
:he 
showing  the   spectrum  ofA  -  .  .r  with   those   from  tubes 

whose   conditions  could   be  varied.      While   the   coincidence  of 

isolated  lines   cannot,   of  course,    be   accepted   as   evidence  of 

ctfl  due    to    tl  I  -a  group  of 

air-linea   appearing  on  a  plate   from  a  tube  could  be   identified 

with  certainty.      Sana    idea  could  then  be  attained  of  the   effect 

of   a  |    conditions  of   the   tube  Were 

■i.ect  *odos  would   also    simplify   the 

conditio. 

first   question   natural  i.y  had  to    do   wi 

tube    to   be  used.      The   first   one   tried  was  o    that  used 

by   Eder  :ta,    and   I  .   of   an  o  "end-on" 

exposure 

.   quartz   plate 

TO" 

ben  4. 


I  .  I  oacruto 

heat    and    since   the  ive,    the 

of  the   spectra  w^s   confined   to   vvave-len,<^ths  which  glass 
allowed   to   p«i  increase  of  light    oa  l    - 

a  "side-on"  tube  and  si.oe  the  capillary  coulu  >.-e  AraBVJ]  with 
very  thin  walls,  the  shorter  wm  e-len.-  ths  were  still  allowed 
to   p.. 

The   essential    1'eature  of  a  tube  was   the   possibility  of 
keeping   It    In   a   steady   state   for   several   ho  eed   be. 

ferae  were  .-:.ade   and  tried-  The    s.  ect  *a  obtained   could 

be  observed   to   ft    through  series  of  changes   and  could   at  will 
be   made   to    repeat    these   changes.      The  difficulty  was   to    keep 
each   fem  constant  until    it   could   be  photographed.    The    tubes 
selected 


She   elecfrodes  of   -  :  it  l. 

C    is   t 

By  heating    the     ' 
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I   cap  ill.. 

.t  inum  at    tha    ele>  .3    covered    .vith    ...• 

Upon   tak  of  the   tube    spectra,  it    seemed 

possible  that    the   bands  night   be  due    b  iss  or  to   an 

oxide   of  mei'cur;    for  .\o  tube. 

To    -  t  as   possible    from  air,    they  v/ere 

kept   or.  .     for   se\  B   ar.d   sp;.  In 

addition,    ti  -  nd   the  whole   tube  was   heated 

before   sealing  o 

Such   a  tube   cor.".  o   ;:lass  of   internal   diameter  1 

Laoharga   left 
■lace  of  t  Bt    anode   and   kathode;    and 

also  I  ibe   at    any  point   between   the   electrodes-      This 

seemed  to   make  the  use  of  a  capillary,  in    the   main  .unobj  ect  I 
able-        Ace.  be  of  tha    typa    I   had    -  '  elec- 

trode  filled  wtll  stood   in   the  capillary.      Tr.e 

bands  wore   show:  st    froia  the   surface   of   the    liquid,    but 

appe  ired   throughout   the   tube.      This  was  withoi-t  other 
that      of      the   u.  I    coil.  Lec- 

trodes,    the   tcdut  70      C,.    The   pressure 

this   second  tube  had  at    sealing  off.      This 

band-spectrum       as    identified  wi  B      • 

Usi;  the 

.  .  ■  it  a  by  putting  capacity    in   the 

secondary.      To  e   was    that    tie    disoh 

was  not    so 


Plates    inclu  A  I 

showed  one   land    ftl    "X       i'12   broken   u-  re- 

place   It.     €  used  varying   from  %%vo   to   that  of 

six  one-..  ivinr  no   new   effect. 

I    tube  was    and*    stronger.      The 
tube   became  hot   and  a  few  of  the  characteristic   arc   lines  ca 
out    s;  disappearing.      Capae  iut    a 

few  new   lines.        Usir.y    a  weaker  discharge,    a  small   flame  under 

,-iper  reservoir  caused   the   MfWiry    bo   distil   through  the 
Capacity   bad    little   efiect    except   after  BtPOl 
had   condensed    ir.   the   largt    tube   just    above   the   capillary. 
Until   this   flowed  down,    the   capillary  discharge   became    a  or 
tint    instead  of  green,    and   showed  a  spectrum  of  many    lines, 
for  a  moment   only.       It  was   found   that    a   tube   like   2   rave   bands, 
and  by  heating  ths    reservoir,    the    light  1   distilling 

mercury  of   tr.e   capillary   could   be   made   to   r:ive   the   line-, 
t  rum  for   any  desired   length  of  time. 

A.  tu>e  *lth  a  ca 
sealed  off  at   p    =    .01    ■  m,   was   slightly   heated   and  .pave   bands, 
which  broke  up    into   lines  when   capacity  was  used.        Too    much 
beat   prevented   the   diseru.  n   capacity,    as   aid    also 

too   cuch  capacity   for  a  give:   heati 

oh  stronger  heating,    the   discharr.e  wou ; 

a  brilli  ..   color.  ■  dlschar 


18 


daMlingl;  >,    its    spectrum   showir:  of 

them  con  side  rub  ly    broaden*  .uch   continuous  spectrum. 

For  still,    stiv  ,  the   crov/d  of   lines    M  -md 

-nuous   spectrum,   only   a  few   of   the 
strongest    arc    lines    s: 

EFFECT      OF      CAPACITY. 

A  tul .  e  of  the   type   2   sealed  ofi'   at   p     -    ■  ">  ■  a   heated 

with   a  ve;'y   sm^ll   |  I    I         n-t    10    ea  below  the    reser- 

voir.      After  several   hou;'s  of   such  heatinr,    the    spectrum 
showed  lines  or   Lands   as   capacity  was  or  was   not  used    in   the 
secondary  of   the    saull   coil.      The   conditions    rere    then   assumed 
constant   and   a  series  of  plates  was  capacity 

zero    to    the    Laiyest   that  would   allow   the   disc)::. 
to   pass,    that   of  two   one-gallon   jars. 

.  fcy  ,    the    spectrum  ;one,    showing   the 

lands  With   a  1-pt.    jar   in   the    I  :.ost   notice- 

able  chunre  wum  ..■..-.;■•>       )>  md  the   broad 

I  violet   of  t  /\  9.         A  few   . 

.    in  other  p^rts  <>.  ^trum.      The   line 

A        1216   came  out   at.  tar   it     weakened-    Da  In 

. •;•  oondit  Laai  ant  the 

•c,   the  bandi 

out.         With    two    large    jars    the    el' 
but   a  :   from   that  o  Ith  but  o 


L9 


T         ■■■■  -.il  ...  tsa   results   :;how   that   a  . 
of   c:..  the    sec  ■    spec  tin. 

intermediate  ob- 

t  a i :.■)<.[    and  photographed. 

Witi-   -  ity,   of  course  no   discha  • 

but  wt  ue  used   for  a  gi\ 

and   current,      tuere    is 

in   the   series  of  changes  fron  bands  to  lines   and  these   lines 
arc   oX  greatest    sharpness   for  the   given    tern, 

.vide   a   p  nge  of  current   difference   as   could   be 
used   th  re  ugh   the  primer;    of  zr.e   s.^11   coil,    the   spectra  vers 
essentially   the    sa,  e,    ;..e   discharge  differing  only    i 
ness- 


T5CT      OF 

uecre^sea    la   brightness.   '  The 
)^ous   to    that   pro  the 

case  of  t:>.  The   principal   arc   linos,    like 

A        =  ! 

3984 

4361 

were  brought  <>  _   .  -^ble  continuous   e 

,    though   In  general   the   lines  were    shaker  than  when  no 
coil  was  used    in    the   secondary.      A  vast   muaber  of   lines   I 
ar  very  much  reakened< 
For  a  mailer   self-indi ;.ctio:i  ,fe*er  lines  were   cut  out. 
By   the  use     i  pos- 

i    therefore,    to    v<  obtained   by   brei 

up   I:  'o  one   sJ  Ly   the   strong  est   lir.es  of  the 

arc   and  of  I 

.    of  plates   showing  the  effects  of 

ed 
throughout  • 

The   conditio* 


The    tuba   was   then    allowed    to    0  Lned 

Tui'e    the 

PR] . 

At 

I   spectra  of   tubas.      The   bands    ap- 
pear while   the   tube   contains  enough  nitrogen   to   obscura    ere  ' 
thing   else    in    the  ultra-violet.         As    the   pressure    is   decreased, 
the   arour.t   of  heat,  in    addition    to    that   from   the  t,   need- 

ed  to    ,:ive   the   brilliant   dischave   grows  less   and   it    is   con- 
sequently  easier  to   get   the  cost   aburdart   lina-apaetrun  .      A. 
capacity   pives   these   1  i    they  persist    throughout   the 

;•.      The    OBJ  rafter  of  the   lines    also  .  Lie 

■ .  e  s , 
though  more   toward   the  violet,    the   linaa   froa  tubes   heated  o 

. 
I  :d,    thll    ■&«!)    line   spectrin  ve)lll4   scarcely    be    rec- 
oajnil  d   at   higher  | 

it    is  .    of  the   tube 

the   cap  I 

t  ■ 
the  o 
lir.e   spactz7UB< 

■ ,    the  diaeba  • 
its   alula! 


liai  4     i  Lty  tliis  yielded   t    • 

.    ed   fcoiL  tubes   sealed  off  at    r 
r  temp  en 
•vutior.   could   do*  are   seer    in   tu)  es   sealed 

off  .  studied  111   noro 

the   dlf 
0*1  ty  of  keep  —*    for  any    iernth  of 

The  pressures  at  Pee  se^s  of  tul 

were   sealed  off  fr-  ;e   at 

l  iii  ...,    .06  ■  i  -,   and   •  3 


AIR  -LP 

■    the   pw  •  tract  of 

a   tube    ir    sufficie:       to    show   the    1 

A 

5461 
4350 

and   seems   also    to    reduce   t  ity  ol'  the    lines   due    to    B 

like  hydrogen,   a  compar-isc:  ■  between,  plates  ob- 

tained  fro::,  a   tube   or.d  those  of  the    spar 

sated  and    sparked  while  on   the 
•  as   sealed  off  at    B  pressure  of  aboi  '  This 

tube  gave  a-  spectrum  of  sharp  lines-      Plates   taken  with 

using   a  spark  betweer   platinv.  »cury 

showed   short   lines  due   to    the   electrodes,    but    air  lines   ex- 
tending  entirely   across   the   plate-         A 

ttk    those    f**0)!!  tubes   showed   the    following  groups  of 
•;:o8  on   both. 

At  about  X     -    tort 

■   lines    showed    co -'  the 
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above  id 

•     the    air-lines   persisted    in.    the    tv  The    above    g  ■ 

'voi'.-i   eaa< 
,    close   together  t- 

In   every   case    the   a  P  of  the   group  was   wofc   as   to    .. 

certai      its    identU  on    the   two    sets  of  pl 

A  coil    in   the    secondary  either  very  W  cb  weakened   or 
entirely   cut  out   every   group  r.oted    above.  I    this    tube 

was  heated    and   ca(  ed   in    the   second. 

£iven  was  quite   distinct   from  the   one   previously  obtained  with 
capacity   but  no   heatinp,.      Jf  the    ^ir  affected  this   second 
spectrum,  it  was    in   a  way  not   easily  traced.      Prom  tubes 
sealed  of"  »r  pressure   and  which  were  not   heated    except 

the   bond-spectrum  of  as  obtained, 

with  only   traces  of  the  r roups  of  air-line*.        The   ai "-lines 
see:;,  therefore   to    come   out  most   strongly   at  very   low   pro: 
and   temperatures,   but   to   disappear  under  conditions   giving 

aide  or  the   spectrum  of  many   lines-      These    air-lines   re- 
appear  in   the   spectrum  from  ■  tube   I  "  een  heated  until 

t  iut  which   is   esajalned  when    again  cool.  The 

color  of  the  ■  re   of  1 

not   heated  was  purple.         Fo"  a  lower  pressure    the   effect  of 
the  nitro,  ink  when   the 

disobarge  first   pi  at   noon    ■,  o  nreen. 

contained  ries  of  different   sizes,    the  pi 

•    in   the  ■  bee.        P  of  a  few 


thousandths  of   a  >r,    the   c 

v.' hen    strongly   heated.  '     Lubo;:    .  avowed   the   e] 

green  of  the  oircur;     A  '61,    and  ■■ 
Ly  bright 

STUDY      OF      THE     ENURE     TUBE. 

Ucir.g  a  pli::  objective,    a   complete    set   of 

plates  was   t*J  the  tube  used   ir.  the   char 

due  to  varying  the  capacity.        The  advantage  of  thus  photo- 
graphing the   entire   tube    is  obvious,    since    such,  a  plate   gives 
an    image  of  every  part  of  the  tube   for  each  wave-ler.gtb   com- 

|  art.       A   small  grating  held    in    the  hand 
found  m.ich  better  than    *-he  ordinary  direct-vision   spectroscope 
for  -.vatching  the   discharge   through   a   tub*    so    that    it 
kept   con  start   during  an    expos; 

To   photograph   the    entire   tube,    it  was   set   up    >.t    a  dist- 
ance of  4  5    l/f    inch  p]  '  The    light    froir. 

list- 
.:  -tz   lean. 

\  M 

"he 
«i    I  M         ?>r>m  the   capillary    and    f*Mi   11 

■  " . '  '  rean  cap- 

i   few    11: 
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in    the   continuous    spectrum.      With 
trun:  appeared,  with  no   truce  of  tar.  us.       '  he   lines 

persist    throughout   the   tube.      One   line    in   the  blue  comes  out 
in    the   capillary    and   the    side   toward    tl  ;    two   othi 

l  ee^illary  and  the  side  toward  the  k*t feeds,  as  doc  I  - 
one    ir.    the  preen. 

But    few    lines   continue   down    to    the    boilinp  mercury    in 

the   reservoir,    those   doing   ee   being  principally  the    strong 

arc-li 

I      ■    capacity  used,    t    8   dis- 

e   becon.es   less  brilliant   aid   bands   at  ^ 

^  =  4850   appear*  which  did  not  come  out  when  no 
used.      On  putting  capacity   into   the   secondary,    the  band   spec- 
trum in   the   capi'  "to   ore    showing  many   lines, 

though  in   the   larpe  tube   toward   the   anods    the    bands  persisted, 
as   they   also   did,    faintly,    toward    -  ode. 

The  effect  of  self-induction  with  capacity  was  to  reduce 
or  to  cut  out  entirely  throughout  the  tube  many  lines  brought 
out   by  capacity,   noticeably    in   the   blue    and  blue-preen    and 

i 
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Tubes  wit!  •  ■    '  The 

for:.,  was   that   of  3.  The   electrodes 

of  '  .       •         4  tightly  the 

ni  wour.d  -o.      The   disc' 

rly    bo   bright    as   that   obtained 

c 

from  tubes  whose   platinum  terminals   nade 

m, 

*  ""        direct   contact  with    t  the 

^--  Left. 

The  knees  of  it    pizes   and  of  differ- 

)    •     .f  these  tines  was   so 
small    that    the   path   of  the   disch:v.-e    in   tie   tube  was  not    more 
than   4   cm.         before    sealing  off  from  the   pump    it  was  v»  •" 
heated. 
1  ates    showing    lands   fro::,  these   tubes  were    some 

••  due    to    rlass,    since   they   do  not   come   out 
with   tubes  of  the   first    l:ind.      Attempts   to   break  up   the    bands 
from  tuies  of   type   3^  were  not  '1 

Plates   from  these   tubes  e1  ting 

as   objective    showed   the   bands  on   both,   sides  of   a  f lobule  of 
mercury    ir    the   ea|  e  lines   appear  on  one   sice      f 

the   I  •  '    and   but    faintly,   or  not    at    eJ  i  ,    on   the  ot 


ALT  ■  :-}■'.. 

To   determine    the   affect   of  i  ■ 
from  the   large   coil,    tubes   capable   of  use  with  large   currents 
were  mate*      With  such  a  discharge,    the  tpillary 

■d  at   once   and  ore  of  heavy  wall   a        '  bore   I      wed 

■BOh   continuous   spoctrvr..      With   a  tube  of   2  m  in  inside   dJ 

the   la^re   coil  with   the   bank  of   six  jars    in   the   secon- 
ave,   with  l/50   the   tine  of  exposure,    a  spec t mm  essen- 
tially the    saw   as   t'r    t  rot    l.y  Being  the   smaller  coil. 

The    air-coil  with   the   above   disc  'esultfl    simi- 

lar to    those   already   described. 

The    intense  heat   developed   by  the   heavy   alternating   cur- 
rent  made    it    impossible   to   obtain   the   lands- 

That    the   resistance  of  a  tube  of  type   2_  to    the  passage  of 
such  a  discharge    Is  cot   only   at   the   elect>*odes  but   also   der 
"■o   be   followed  was   shown   conclusively. 
Bercury  distilling  from  the  electrodes   into   the   reservoir, 
the  length  of   the  path,  was    increased  until    the  oulti 

no   longer  pass.      Refilling  the   arms  of  the  tube   from  the   res- 
ervoir,   the   discharge    again   passed-  The   tube   was  nf 
a  ante   inte  ■                leter  thro 


The 

B   few   additional    lines    in  the   extreme 
••.-violet  were  noted. 

.if  capacity   in  the  of  a  coil   giv- 

|  3   alternating  discharge)   the  spec4:  -  3d  from  ': 

of  the   arc    to   one   eont  '      "eristic    spark-li 

Self- induct  ion    in   the    secondary  of  such   a  coil   tends   to    re- 
dtaet    the    spectrin  o*'  the   spark  to    that  of  the   arc. 
spark  showed   lines  which  were  not   given   by   a  ver--    short   o 

Using   a  'rls  were  obtained  with   light   diree    ' 

the    surface  of   t'  ' ",both    at   anode   and  kathode  of   a 

tube.      Or.   heating  the   tube, the   bards   disappeared,    those 
in   the    shortest  wave-lengths    r  est.         Cap, .city 

breaks  up   these   bands,    throughout   the   tube    if   it    is   heated   suf- 
ficiently;  otherwise,   only   in  the   capillary   and  near  the 
kathode  where   the   discharge  produces   the   greatest   heati 

tents   the  the   expense  of  other 

lines  due  to  very  specie]    send  it  ions  - 

it  was   possible   to   pass   continuously    from  the    band-   to    the 
line- sped 

R>-'        -     I  ■ ".       ■         res , groups  or 
are  not    identified   in    tubes   at   higher  pressure  or   in    tu 
sealed  off   at   low  pre*--        • 
The   discharre   fro 
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Photograph!  si  affoot  of  aolf- Induction  o     spark  In  air. 

1.  Oat a Ida,    c;.:  t  no   »olf- in  duetto 

Ida,      capacity    and   sell'- induct  ion. 

2.  Sana  as  1  for  ^    =  3125. 

3.  Sa.r.G    as    for    X->  =    3650. 
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Photographs  of  spec train  of  aercurj'  e,   to    sho 

fects   of  v  Bpaclty,    and  of   ?■;•       -  .  ion. . 

Mat  toJhe.&Cfa    -WIJLCL. 


lty  one   1-pt.    jar. 


1        d 


Capacity   one   1-qt.    jar. 

■  ity  one   1-gol .    J 
Capacity   two   1-gal.    jarr, . 
Capacity  one 
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Spectrum  of  spark   in  air  between  platinum  and  n:ercu 


ry 


Spectrum  from  tube   sealed  off  at   pres-ure  of  0.003   m  m. 
-•it:    in    the   secon 


3.        Sana   us  2  but   self-induction   in 


ectraa  from  entire   tube  of  type   2. 
X"  '  be  secern, 

2'  paeity. 

3-         SaM    as    8,    but   1  ,fd. 
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